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Seattle, WashingtonJ 
^Departnnent of Radiology, Northwest Hospital, Seattle, Washington 
^Department of Molecular Medicine, Northwest Hospital, Seattle, Washington 

BACKGROUND. A phase II trial, involving infusions of autologous dendritic cells (DC) and 
two human histocompatibility antigen (HLA-A2)-spedfic prostate-specific membrane antigen 
(PSMA) peptides, was recently completed. Thirty percent of the participants, ihciuding sub- 
jects with hormone-refractory metastastic disease, and those with suspected local recurrence 
of prostate cancer, were identified as clinical responders. This report describes the follow-up 
evaluation of 19 responders in the two study groups. 

METHODS. After conclusion of the study, study participants were subjected to follow-up 
evaluations at 6-8-week intervals. Each responder was reevaluated for response status, and 
duration of response was determined. 

RESULTS. Subjects were observed for an average of 291 days (metastastic group, group A-2) 
and 557 days (local recurrence group, group B), which included the treatment and follow-up 
periods. The average duration of response was 149 days for group A-2, and 187 days for 
group B. A majority of responders (11/19; 58%) were still responsive at the end of the current 
follow-up. 

CONCLUSIONS. The responses observed may be signific^t and relatively durable. This 
study suggests that DC-based cancer vaccines in theJ^ire may provide an additional 
therapy for advanced prostate cancer. Prostate 40:125-129, 1999. © 1999 Wiley-Liss, Inc. 

KEY WORDS: follow-up evaluation; dendritic cells; prostate-specific membrane anti- 
gen; immunotherapy; cancer vaccine; prostate cancer; clinical trial 



INTRODUCTION 

Efforts in early detection of prostate cancer, which 
include serum prostate-specific antigen (PSA) screen- 
ing and digital rectal examination, allow for diagnoses 
of the disease at its earliest stages. Treatment strate- 
gies such as radical prostatectomy, local radiotherapy, 
and brachy therapy are largely successful for patients 
with clinically localized prostate cancer [1,2]. How- 
ever, up to a third of patients irutialiy diagnosed with 
clinically localized disease and treated with conven- 
tional treatments as mentioned may eventually de- 
velop metastases. At this time, the available treat- 
ments for metastatic prostate cancer have failed to 
demonstrate sigruficant curative potential [3]. 



We recently completed a phase U clinical trial in- 
volving patients admitted with presumed local recur- 
rence of prostate cancer after primary treatment fail- 
ure, as well as those with hormone-refractory meta- 
static prostate cancer. Each subject received six 
infusions of autologous dendritic cells (DC) pulsed 
with HLA-A2-specific prostate-specific membrane an- 
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tigen (PSMA) peptides at 6-week intervals. Thirty per- 
cent of study participants were identified as respond- 
ed at the conclusion of the trial [4--6]. This was based 
on the National Prostate Cancer Project (NPCP) crite- 
ria, a 50% reduction in PSA level or a significant im- 
provement in repeat ProstaScint® scan (Cytogen, Inc., 
Princeton, NJ) [7,8]. The progress of these responders 
was monitored beyond the study period to determine 
the length of response period. This report describes 
the follow-up evaluation of the responder population 
at this time. 

MATERIALS AND METHODS 

Patient Population 

The phase I! clinical trial reported herein initially 
enrolled a total of 107 patients. Ninety-five subjects 
received at least one cycle of infusion, and thus were 
considered evaluable for response. This population 
was categorized into group A (subjects with hormone- 
refractory metastatic prostate cancer, 58 subjects) and 
group B (subjects admitted with recurrence of prostate 
cancer after primary treatment, 37 subjects). Group A 
was further divided into group A-1 (subjects who pre- 
viously participated in our phase I DC trial, who had 
requested to enroll in the phase IT study), and group 
A-2 (subjects with no previous immunotherapy trial 
experience), in this report, we focus on the follow up 
evaluation of responder populations from study 
populations with no previous immunotherapy trial 
experience (i.e., groups A-2 [8 subjects] and B [11 sub- 
jects]). All subjects who received hormone therapy 
prior to the trial remained on the same therapy 
throughout this trial. If an antiandrogen had been 
stopped, no patient was entered until at least 3 months 
had elapsed [9]. 

Phase II Clinical Trial 

Each participant was subjected to leukapheresis at 
the Fred Hutchinson Cancer Research Center, Seattle, 
WA (or at Northwest Hospital, Seattle, WA, by alter- 
native blood draws) prior to the start of the trial [5,6]. 
DC were cultured as described previously (4,5]. Cul- 
tured DC were incubated for 2 hr in the presence of 10 
fjLg/ml HLA-A2-specific PSMA peptides (Peninsula 
Uboratories, Inc., Belmont, CA): PSM-Pl(LLHETDSAV) 
and PSM-P2 (ALFDIESKV). The cells were washed, 
resuspended in 10 ml injection grade saline, and de- 
livered to the Northwest Hospital Day Surgery /Short 
Stay Unit. The DC suspension was infused over 30 
min with a total volume of 100 ml 0.9% saline. Study 
participants received a total of six infusions of autolo- 
gous DC pulsed with a PSM-Pl and -P2 cocktail at 



6-week intervals. With each infusion, half the study 
subjects received a 7-day course of subcutaneous in- 
jection of granulocyte-macrophage colony-stimulating 
factor (CM-CSF, Immunex Corp., Seattle, WA) as sys- 
temic adjuvant. At the conclusion of the scheduled 
iiifusions and follow-up observations, clinical status 
was evaluated based on NPCP criteria, a 50% reduc- 
tion of PSA, or significant improvement in ProstaS- 
cint® scan [7,8]. 

Clinical Monitoring 

All participants were subjected to prestudy tests, 
which included prostate markers, chest X-ray, bone 
scan, and ProstaScint® scan. Patients were followed 
during the course of the study with periodic PSA 
(Tandem-E PSA kit, Hybritech Incorporated, San 
Diego, CA), free PSA (Tandem-R PSA kit, Hybritech 
Incorporated), PSMA (in-house Western blot assay), 
complete blood counts, CHEM-22, and bone alkaline 
phosphatase (Tandem-R Ostase kit, Hybritech Incor- 
porated) [10]. After the six cycles of infusion were 
completed, repeat bone scan and ProstaScint® scans 
were conducted and the results were compared to pre- 
study results. Prostate biopsy was performed in some 
patients to confirm ProstaScint® scan results involving 
the prostatic fossa. After conclusion of the study, sub- 
jects were scheduled for periodic follow-up evalua- 
tions, which included the tests mentioned previously, 
at 6-8-week intervals. All testing was conducted on an 
outpatient basis at Northwest Hospital. Duration of 
clinical responsp^was calculated from the end of the 
phase II stud^Tlor each responder, until disease pro- 
gression was diagnosed based on NPCP criteria, a 50% 
increase in PSA value, or a significant progression in 
ProstaScint® scan. 

RESULTS 

Phase II Clinical Trial 

Six infusions of autologous DC pulsed with two 
HLA-A2-specific PSMA peptides were administered 
at 6-week intervals. Table I presents a summary of the 
two groups, i.e., group A-2 (patients with hormone- 
refractory prostate cancer) and group B (patients ad- 
mitted with local recurrence of prostate cancer after 
primary treatment failure). Thirty-six percent of group 
A-2 participants died during the trial or follow-up 
evaluation period. All group B participants were still 
alive at the end of this observation period. No signifi- 
cant difference in the average number of DC infused 
was observed between the responder and nonre- 
sponder populations of both groups. Group B subjects 
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TABLE I. Summary of Phase II Clinical Trial Groups* 



Group A-2 Group B 



Nuniber of evaluable subjects 




17 

J/ 


Number of deceased subjects 




u 


Percent decreased 


DO /O 


U /o 








(x 1 million IK.) 






Total population 


lo.o ± l.U 


lo.2 ± U./ 


Res ponders 


1 7 A ^ A 


IS 7 J. fk (t 


Nonresponders 


16.1 ± l.U 


1 O A 1 A A 


Number of responders 


8 


11 


Percent responders 


32% 


30% ■ 


Total period of observation 
(days)*' 










Mean ± SEM 


291 ± 37 


557 ± 19 


Median 


365 


568 


Duration of response (days)^ 






Mean ± SEM 


149 ± 24 


187 ±34 


Median 


144 


184 



*SEM, st_a_ndard error of thf* mean, 

*'Each subject received six infusions of DC/PSMA peptides at 
6-week intervals. 

*The response period was calculated up to January 15, 1999. 



received a higher average DC (18.2 ± 0.7 million) com- 
pared to group A subjects (16.6 ±1.0 million). 



Comparison of PSA Values Between Responder 
and Nonresponder Groups 

Prestudy PSA values for each study participant 
were compared to poststudy PSA to determine wheth- 
er any significant change in these values occurred dur- 
ing the study period. Figure 1 shows significant dif- 
ferences of percent post- vs. prestudy PSA change be- 
tween responder and nonresponder populations of 
both group A-2 (P = 0.005) and group B (P = 0.001). 
Responders in group A-2 exhibited an average 10% 
decrease in PSA during the trial, while nonresponders 
showed an average 404% increase. Responders in 
group B exhibited an average 5% decrease in PSA, 
while nonresponders showed an average of 100% in- 
crease during the course of the trial. 



Follow-Up of Phase II Trial Responders 

All surviving study participants were requested to 
participate in long-term follow-up evaluations, which 
included monitoring of prostate markers, complete 
blood coimt, blood chemistry, physical examination, 
and repeat bone scan and ProstaScint® scan. The av- 
erage total observation periods were 291 days and 557 
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Fig. I . Comparison of post- vs. prestudy PSA change between 
responder and nonresponder populations of groups A-2 and B. All 
study participants were subjected to periodic PSA testing through- 
out the study period, including prestudy (on the day of infusion I ) 
and post^l^ijKiy (3 weeks postinfusion 6). Percent PSA change dur- 
ing the study was calculated as follows: [(Poststudy PSA - Prestudy 
PSA)/Prestudy PSA] x 100%. The mean and standard error of the 
mean values are depicted in the bar graph. The values for re- 
sponder and nonresponder populations were compared using Stu- 
dent's t-test. P values calculated for groups A-2 and B are shown. 



days for participants in groups A-2 and B, respectively 
(Table 1). All responders were reevaluated for their 
responses using NPCP criteria, a 50% reduction in 
PSA value, or an improvement in ProstaScint® scan. 
The duration of response for each of the responders 
in groups A-2 and B was calculated from the end of 
the study to a date where disease progression was 
determined. The average response period was 149 
days for group A-2, and 187 days for group B (Table 1). 
Table II summarizes the response durations of indi- 
vidual responders in both groups. Four partial re- 
sponders in group A (subjects A, E, and H), and 
four others in group B (subjects 3, 5, 6, and 8) showed 
a limited response, as their disease progressed be- 
tween 20-131 days after the end of the clinical trial. 
The rest of the population, i.e., 4/8 (50%) in group A, 
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Subject 



Stage 



HLA-A2 



Group A-2 

A 

6 

C 

D 

E 

F 

G 

H 

Croup B 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

n 



D2 
D2 
D2 
D2 
D2 
D2 
D2 
D2 

D2 

C 

DO 

D2 

D2 

Dl 

DO 

D2 

02 

D2 

DO 



+ 
+ 
+ 



+ 
+ 
+ 
+ 



+ 

+ 
+ 
+ 



L./^ 11 11 U^^Tu 


Clinical 


Duration of 




response 


response (days) 


13 million 


PR 


70 


23 million 




>156 


12 million 


CR 


>219 


5 million 


PR 


131 


24 million 


PR 


60 


22 million 


PR 


>175 


20 million 


PR 


>251 


2) million 


PR 


126 


19 million 


PR 


>337 


20 million 


PR 


>308 


15 million 


PR 


20 


20 million 


PR 


>315 


16 million 


PR 


105 


22 million 


PR 


21 


22 million 


PR 


>185 


19 million 


PR 


129 


17 niillion 


CR 


>211 


16 million 


PR 


>258 


15 million 


PR 


>173 



*CR, complete response; PR, partial response. 
«Each sul^ect received six infusions of DC/PSM A peptides at 6-week intervals, 
^me patients continued to show a response as of their last evaluation date (up to January 15. 1999), 



and 7/11 (63%) in group B, were still responding at 
the end of the follow-up evaluation period Qanuary 
15, 1999). The range of response duration for this 
group was 173-337 days. 

DISCUSSION 

Administration of autologous DC pulsed with 
PSMA peptides to patients with hormone-refractory 
metastatic prostate cancer, and to those whose pri- 
mary treatment had failed, was conducted recently at 
Northwest Hospital (Seattle. WA) [4^]. Monitoring 
treatment responses to vaccine therapies has not been 
an easy task, especially in patients with metastatic 
prostate cancer who have had a history of hormone 
therapies and/or dedifferentiated tumors. In addition 
to the NPCP criteria, periodic measurement of PSA 
has been an essential tool for monitoring prostate can- 
cer dynamics. Nonresponders in the current dirucal 
trial showed PSA increases of 404% (group A-2), and 
100% (group B) during the course of the trial Further- 
more, significant differences in post- vs. preshjdy PSA 
levels (P < 0.01) were identified between responder 
and nonresponder populations in this study (Fig. 1). 

However, lack of correlation between PSA levels 
and the presence of metastases in these patients has 



also been documented in some cases [11 ). Radiodiag- 
nostic imaging (e.g., bone scan and ProstaScint® scin- 
tigraphy scan) has provided valuable modalities for 
identification ^g^easurable bony or soft-tissue metas- 
tases months before the appearance of related mani- 
festations or symptoms [8,12]. Within the hormone- 
refractory metastatic group of the current clirucal trial, 
the majority of subjects (19/25; 76%) had elevated pre- 
study PSA levels. However, 6/25 (24%) were also ad- 
mitted with very low levels of PSA. For the latter, 
decreases in PSA were not a viable criterion for moni- 
toring h-eatment response. Prestudy tests showed that 
all of these pahents exhibited either a positive bone 
scan, a positive ProstaScint® scan, or both. Repeat 
bone and ProstaScint® scan conducted after the con- 
clusion of the scheduled DC infusion were compared 
to the prestudy results, and were used as additional 
criterion for response monitoring. Using the combined 
criteria, 19/62 (30'J^.) were identified as responders 
from the two groups of the clinical trial. 

In order to evaluate whether the responses were 
durable or not, study participants were afforded peri- 
odic follow-up evaluations following the conclusion of 
the shidy. Since the majority of responses were iden- 
tified with repeat ProstaScint^* or bone scans, the re- 
sponse duration was calculated starting from the end 
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of the clinical trial until a disease progression was di- 
agnosed. Four subjects (subjects A and E in group A-2, 
and subjects 3 and 6 in group B]) had a relatively short 
response duration (under 100 days). Four subjects re- 
sponded for over 100 days (subjects D and H in group 
A-2, and subjects 5 and 8 in group B). A majority of the 
responders (11/19; 58%), which included 3 subjects 
who were identified as complete responders and 8 
partial responders, had longer response durations 
ranging from 173-337 days. These latter patients have 
not shown signs of progression at the end of this pe- 
riod (January 15, 1999). They will continue to be fol- 
lowed and scheduled for periodic monitoring as long 
as possible. This study suggests that the majority of 
responses identified in the various groups appear to 
be durable. DC-based cancer vaccines at some future 
date may provide additional therapy for advanced 
prostate cancer. 

ACKNOWLEDGMENTS 

The authors thank the staff of the Northwest Hos- 
pital Day Surgery /Short Stay Unit, especially Nancy 
Martin, Sharon Vitolo, Frances Seemann, and Lanelle 
Bentz. 

REFERENCES 

1. Middleton RG, Smith JA Jr, Melzer RB, Hamilton PE. Patient 
survival and local recurrence rate following radical prostatec- 
tomy for prostatic carcinoma. J Urol 1986;136:422-424. 

2. Hanks CE, Krall JM, Hanlon AL, Asbell SO, Pilepich MV, Owen 
JB. Patterns of care and RTOG studies in prostate cancer: long- 
term survival, hazard rate observatioi\s, and possibilities of 
cure. Int j Radiat Oncol Biol Phys 1994;28:39-45. 

3. Jones GW, Mettlin C, Murphy GP, Guinan P, Herr HW, Hussey 
DH, Chmiel JS, Fremgen AM, Clive PIE, Zuber-Ocwieja KE, 
Winchester DP. Patterns of care for carcinoma of the prostate 
gland; results of a national survey of 1984 and 1990. J Am Coll 
Surg 1995;180:545-554. 



4. Tjoa BA, Simmons SJ, Bowes VA, Ragde H, Rogers M, Elgamal 
A, Kenny GM, Cobb OE, Ireton RC, Troychack MJ, Salgaller ML, 
Boynton AU Murphy GP. Evaluation of phase I/II clinical trials 
in prostate cancer with dendritic cells and PSM A peptides. Pros- 
tate 1998;36:39-44. 

5. Murphy GP, r)oa BA, Simmons SJ, Jarisch J, Bowes VA, Ragde 
H, Rogers M, Elgamal A, Kenny CM, Cobb OE, Ireton RC, 
Troychak MJ, Salgaller ML, Boynton AL. Infusion of dendritic 
cells pulsed with HLA-A2-spccific prostate-specific membrane 
antigen peptides: a phase II prostate cancer vaccine trial involv- 
ing patients with hormone- refractory metastatic disease. Pros- 
tate 1999;38:73-78. 

6. Murphy GP, Tjoa BA, Simmons Sj, Ragde H, Rogers M, Elgamal 
A, Kenny GM, Troychak Mj, Salgaller ML, Boynton AL. Phase II 
prostate cancer vaccine trial: report of a study involving 37 pa- 
tients with disease recurrence following primary treatment. 
Prostate 1999;39:54-59. 

7. Slack NH, Murphy GP. Criteria for evaluating patient responses 
to treatment modalities for prostatic cancer. Urol Clin North Am 
1984;11:337-342, 

8. Murphy GP, Maguire RT, Rogers B, Partin AW, Nelp WB, 
Troychak MJ, Ragde H, Kenny GM, Barren RJ 111, Bowes VA, 
Grcgoriikis AK^- Holmes EH, -Boynton A.L. Comparison of- serum 
PSM A, PSA levels with results of cytogen-356 ProstaScint scan- 
ning in prostatic cancer patients. Prostate 1997;33:281-285. ^ 

9. Scher HI, Kelly WK. Flutamide withdrawal syndrome: its im- 
pact on clinical trials in hormone-refractory prostate cancer. J 
Clin Oncol 1993;11:1566-1572. 

10. Murphy GP, Troychak MJ, Cobb OE, Bowes VA, Kenny RJ, 
Barren RJ lU, Kenny GM, Ragde H, Wolfert RL. Evaluation of 
PSA^. free PSA, PSM A, and bone alkaline phosphatase levels 
compared to bone scans in the management of patients with 
metastatic prostate cancer. Prostate 1997;33:141-146. 

11. Elgamal A A, Troychak MJ, Murphy CP. ProstaScint scan may 
enhance identification of prostate cancer recurrences after pros- 
tatectopjy, radiation, or hormone therapy: analysis of 136 scans 
of IfJlfpatients. Prostate 1998;37:261-269. 

12. Figg WD, Ammerman K, Patronas N, Steinberg SM, Walls RG, 
Dawson N, Reed E, Sartor O. Lack of correlation between pros- 
tate-specific antigen and the presence of measurable soft tissue 
metastases in hormone-refractory prostate cancer. Cancer Invest 
1996;14:513-517. 



